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ABSTRACT 
Betacyanins and phenolic compounds from acetonitrile:acidified water extracts of 
Alternanthera brasiliana and Alternanthera tenella were characterized and quantified 
using a high-performance liquid chromatography system coupled with diode array and 
electrospray mass spectrometry detection. Four betacyanins (amaranthine, 
isoamaranthine, betanin and isobetanin) were tentatively identified and quantified. 
Twenty eight phenolic compounds of four different families (hydroxybenzoic and 
hydroxycinnamic acids, flavones and flavonols) were separated and characterized on the 
basis of their accurate MS and MS/MS information out of which ten compounds were 
confirmed by authentic standards. These plant species could be considered as an 
especially rich source of natural bioactive compounds and potential food colorants. A. 
brasiliana showed the highest  betacyanin and polyphenols content (89 µg/g and 35243 
µg/g, respectively). Among polyphenols, flavonols were the more abundant 
(kaempferol-glucoside, kaempferol-rutinoside and kaempferol-rhamnosyl-rhamnosyl-
glycoside). Meanwhile, A. tenella showed a different polyphenols profile with flavones 
as major compounds (glucopyranosil-vitexin and vitexin). As a novelty, pentosyl-
vitexin and pentosyl-isovitexin were detected for the first time in Alternanthera plants. 
Both A. brasiliana and A. tenella leaves showed high total polyphenol content and in 
vitro antioxidant activity (FRAP). These results provide an analytical base concerning 
the phenolic and betalains composition and the antioxidant properties of two members 
of the promising Alternanthera gender, for subsequent applications, such as functional 
food ingredients.  
 
Keywords: betanin, amaranthine, polyphenols, kaempferol, vitexin, food additives  
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1. Introduction 
In the last decade, there has been an ever-growing interest in investigating the 
nutraceutical potential of different plant products and herbs, due to their use in the folk 
medicine of different countries (de Mello Andrade & Fasolo, 2014; Valavanidis & 
Vlachogianni, 2013). This trend is related to the huge historical legacy of popular uses, 
as well as to their easy availability, cost effectiveness and presumed safety (Kumar et 
al., 2011). Special attention has been focused on natural antioxidants and red pigments, 
mainly on those water soluble (Khan & Giridhar, 2015; Mortensen, 2006; Sakuta, 
2014). 
Alternanthera brasiliana (L.) Kuntze (Ab) and Alternanthera tenella Colla (At) 
belong to the genus Alternanthera Forkssal of the family Amaranthaceae, including 80 
species of evergreen, perennial herbs, native to tropical and sub-tropical regions of 
Australia and South America, of which 30 occur in Brazil. They are hardy plants which 
stand trimming and can be easily propagated by cutting or by division. A. brasiliana is 
commonly known in Brazilian popular medicine as “penicillin” due to its diverse 
medicinal properties, being well known its use as analgesic and against inflammation, 
cough, and diarrhea (Kumar et al., 2011).  
Many Alternanthera sp. are reported as edible, mainly by the native population of 
tropical countries (Anitha, 2016; Das & Duarah, 2013; Hundiwale Jogendra et al. 2012; 
Rao, Sagar, & Sathyanarayana, 2012). A. tenella and A. brasiliana constitute a source of 
wild greens for native populations (Narayanan et al., 2011; Ramachandran, 2007). The 
last author made a survey in Indian tribal communities founding that they consumed 
several species from the genus together with rice, fresh or cooked or fried in different 
ways. Many Vietnamese therapeutic regimes include herb teas and infusions made from 
a mixture of several plants, besides therapeutic use, their micronutrients contribution is 
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not meaningful (Ogle, Tuyet, Duyet, & Xuan Dung, 2003, Narayanan et al., 2011). The 
possible employment of these plants as functional food ingredients, providing a new 
food-compatible color source, on one hand, and a range of beneficial and health 
promoting natural compounds, on the other, is worth to be considered. 
Nowadays, dietary phenolic compounds, mainly flavonoids, are receiving much 
attention because of their beneficial health effects related to their antioxidant, anti-
inflammatory, anti-diabetes, antiestrogenic, cardioprotective, cancer chemopreventive, 
and neuroprotective properties (Aguilera, Martin-Cabrejas, & de Mejia, 2016; 
Lewandowska, Kalinowska, Lewandowski, Stępkowski, & Brzóska, 2016; Wong, 
Matanjun, Ooi, & Chia, 2014). Almost all natural flavonoids exist in their O-glycoside 
or C-glycoside forms in plant products. Among C-glycosides flavonoids, flavone C-
glycoside such as vitexin, isoorientin, orientin, isovitexin, and their multiglycosides are 
more frequently reported than others (Xiao, Capanoglu, Jassbi, & Miron, 2016). The 
extracts of A. brasiliana leaves have demonstrated antitumor and antioxidant activity by 
in vitro and in vivo assays (Kumar et al., 2011; Samudrala et al., 2014). A. tenella has 
shown also different bioactivities such as antibacterial, antifungal and antiparasitic 
properties, as well as immunomodulatory, antioxidant and anti-inflammatory activities 
(Reis et al., 2015). Previous phytochemical studies on extracts of Ab leaves (in 
phosphate (pH 6) and acetate/methanol buffer) indicated the presence of triterpenoids 
such as β-sitosterol, stigmasterol and spinasterol; in dichloromethane extracts 
flavonoids, mainly 3-O-robinobioside derivatives of kaempferol were found (Pereira, 
Zanon, Dos Santos, Boligon, & Athayde, 2013) and quercetin has been identified in 
ethanolic extracts (Kumar et al., 2011). Moreover, in previous studies on methanolic 
extracts, phenolics were absent (Macedo et al. 2004). Meanwhile, betalains have been 
detected in phosphate (pH 6) and acetate/methanol buffer extracts (Reis et al., 2015). 
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Preliminary results on the occurrence of flavonoids have been documented for At, 
describing the presence of six different compounds (aglycones and flavone C-
glycosides) (Salvador & Dias, 2004; Salvador et al., 2006; Zhou, Blaskò, & Cordell, 
1988), as well as the occurrence of betalains, which were determined as total content by 
spectrophotometric methods.  
The family Amaranthaceae comprises many plant species exhibiting colored tissues 
due to their content of different betalain pigments, mainly betacyanins. Thus, A. 
brasiliana and A. tenella leaves and stems are intensely colored. Several studies have 
demonstrated the high potential of Amaranthus pigments for their use as sources of 
natural food colorants and antioxidants (Cai, Sun, & Corke, 2003, Khan & Giridhar, 
2015; Mortensen, 2006; Sakuta, 2014). Betalains actually comprise two groups of 
pigments: the red-purple betacyanins and the yellow betaxanthins, both of which are 
water-soluble. Although many species have been reported to produce betalains, the 
industrial exploitation as food colorants is restricted to a few ones. Nowadays, beetroot 
red or betanin (E-162) is the most common red to purple pigment employed in the Food 
Industry. Betanin is a betacyanin pigment usually obtained from the extracts of beet 
juice (Stintzing & Carle, 2004). Betanin is very sensitive to light, heat and oxygen and 
is mainly employed in coloring ice-cream and soft drinks beverages. Besides 
Amaranthaceae plant leaves, Opuntia cactus fruits and swiss chard contain high 
concentration of betanin and other betalains (betacyanins and betaxanthins) (Albano et 
al., 2015). . 
Liquid chromatography-electrospray ionization-quadrupole-time of flight-mass 
spectrometry (HPLC-ESI-QTOF-MS) has usually been considered as the choice 
technique in recent studies of bioactive compounds, as this technique enables automated 
acquisition of both TOF-MS (survey) and MS/MS (dependent) spectra, during a single 
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chromatographic injection analysis. These techniques have become a very powerful 
approach for the rapid identification of constituents in plant food and herb extracts 
(Zhang et al., 2011).  
The aim of this work was to characterize and quantify the betacyanins and phenolic 
compounds present in leaves and stems of Alternanthera brasiliana and Alternanthera 
tenella, using a high-performance liquid chromatography system coupled with diode 
array (HPLC-DAD) and high-performance liquid chromatography-electrospray 
ionization-quadrupole-time of flight-mass spectrometry (HPLC-ESI-MS-QTOF-MS) 
analysis. Additionally, the antioxidant activity of the plants extracts was analyzed. To 
our knowledge, this is the first time that a deep comparative study of Ab and At has 
been reported, in terms of betacyanins and phenolics composition, using HPLC-ESI-
MS-QTOF and antioxidant capacity. Both leaves and stems of Alternanthera species 
could be a good source of bioactive compounds for functional food production and also 
for acting as natural food dye additives. 
 
2. Materials and methods 
2.1. Chemicals and reagents.  
Chemicals, solvents and reagents were purchased from Sigma and Fluka (St. Louis, 
MO, USA). HPLC-grade acetonitrile was purchased from Labscan Ltd. (Dublin, 
Ireland). Distilled water was purified using a Milli-Q system (Millipore, Bedford, MA, 
USA). Gallic acid, chlorogenic acid, coumaric acid, 2.5-dihydroxybenzoic acid, ferulic 
acid, 4-hydroxybenzoic acid, kaempferol, quercetin, rutin, vitexin, 2''-O-
rhamnosylpyranosyl-vitexin and 2,4,6-tripyridyl-triazine (TPTZ) were purchased from 
Sigma (St. Louis, MO, USA). A purified betanin/isobetanin (95:5) rich extract of 
Carpobrotus acinaciformis freeze-dried supplied by Gandía-Herrero, García-Carmona, 
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and Escribano (2005) was used as external standard for the identification and 
quantification of betacyanins. 
 
2.2. Plant material. 
Experiments were carried out with material of two different species, Ab and At (Fig. 
1) maintained in greenhouse in the “Centro de Educação Ambiental Ernest Sarlet” 
(Lomba Grande, Novo Hamburgo, Brazil). Fresh leaves of both species, of at least a 
month growth and approximately 7-8 cm long, were collected from the plants. Stems 
(2.5-3 cm long) connecting the same leaves to the main plant stem were also collected. 
Both types of samples were cut apart from the plant with pruning shears and then cut in 
strips of approximately 2 mm. Samples were dried using a forced air oven (GMX 
9203A PEET LAB, USA) for 5 days at 35 °C, according to the traditional drying 
procedures of Brazilian agricultural communities, the moisture content was 85%. 
 
2.3. Sample extraction. 
The vegetal material (0.1 g dw of leaf or stem) was extracted with 1 mL of 
acetonitrile:water acidified with 0.1 % formic acid (1:1, v/v) by stirring in a vortex 
(Precytec®, Argentina) during 60 s and centrifuged at 1824 g (MICROSPIN 24 S, 
Sorval Instruments, DuPont, DE) during 10 min at 4 ºC (Slatnar, Stampar, Veberic & 
Jakopic, 2015). The supernatant was filtered through a 0.45 µm filter membrane 
(Millipore, Bedford, MA, USA) and the filtrate was used for betalain and polyphenol 
analysis. Aliquots of 1 and 10 µL of each sample were injected into the HPLC-DAD 
and HPLC-ESI-QTOF-MS. 
 
2.4. Liquid chromatography analysis and mass spectrometry conditions. 
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HPLC-DAD and HPLC-ESI-QTOF-MS analysis was performed on an Agilent 1200 
series HPLC (Agilent Technologies, Waldbroon, Germany), comprised of a quaternary 
pump (G1311A) with integrated degasser (G1322A), an autosampler (G1367B), a 
thermostatted column compartment (G1316A) a diode array detector (DAD) (G1315B) 
and a hybrid mass spectrometer quadrupole-time of flight via an electrospray ionization 
source (ESI) with JetStream technology (Agilent Accurate Mass QTOF LC-MS, 
Waldbronn, Germany) in series in the same chromatographic line. 
The chromatography separation was carried out in a 150 mm x 4.6 mm i.d., 5 µm, 
C18 Agilent Zorbax Eclipse XDB-C18 analytical column (Agilent), eluted with a 
mobile phase made up of a mixture of deionized water (solvent A) and acetonitrile 
(solvent B), both acidified with 0.1 % formic acid. Solvent gradient for betalains (1): 5-
15 % (B), from 0-30 min; 15-50 % (B), from 30-32 min; 50-0 % (B), from 32-40 min 
and 0 % (B), from 40-42 min at a flow rate of 0.5 mL min
-1
. Solvent gradient for 
phenolic compounds (2): 5-30 % (B), from 0-30 min; 30-100 % (B), from 30-40 min; 
100-5 % (B), from 40-45 min and 5 % (B), from 45-50 min at a flow rate of 0.8 
mL/min. Mass spectra were acquired with electrospray ionization and the TOF mass 
analyzer in both positive (betalains) and negative (polyphenols) mode, over the range 
m/z: 100-1000. Ultrahigh pure nitrogen was used as the collision gas and high-purity 
nitrogen as the nebulizing gas. The capillary voltage was set at 3500 V (negative and 
positive mode) and fragmentor, 100 V. The ESI Jetstream parameters were: nitrogen 
pressure and flow-rate on the nebulizer at 45 psi and 10 L/min, respectively, with a 
drying gas temperature of 350 ºC; sheath gas temperature, 350 ºC; sheath gas flow, 11 
L/min; and MS/MS collision energies was set at 20 V. Samples were analyzed in 
duplicate. 
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2.5. Identification and quantitation of compounds 
The identification of compounds was performed using MS and MS/MS data 
processed through MasshunterWorkstation software (version B.04.00, Agilent 
Technologies, Waldbronn, Germany), which provides a list of possible elemental 
molecular formulas by using the Generate Molecular Formula™ editor, according to the 
accurate masses and isotopic pattern. The molecular formula generated with the highest 
score percentage would indicate a closer similarity between formula generated by the 
software and the real molecular formula of the compound. The main tools for betalains 
and phenolic compounds tentative identification were the interpretation of the observed 
MS/MS spectra in comparison with those found in the literature and several online 
databases (Phenol-Explorer (Rothwell et al., 2012), ChemSpider, MassBank, Spectral 
Database for Organic Compounds), the comparison of DAD (UV-Vis) data [280 nm 
(polyphenols) and 538 nm (betacyanins)] and mass spectral data generated by authentic 
standards or related structural compounds.  
To obtain quantitative information, solutions of phenolic compounds and betacianin 
standards in acetonitrile:water acidified with 0.1 % formic acid (1:1, v/v) were 
employed. All solutions were stored at 4 °C. Quantitative data for ten compounds were 
obtained by calibration curves of authentic standards (chlorogenic acid, coumaric acid, 
2.5-dihydroxybenzoic acid, ferulic acid, 4-hydroxybenzoic acid, kaempferol, quercetin, 
rutin, vitexin and 2''-O-rhamnosylpyranosyl-vitexin). Derivatives or related compounds 
were quantified using the calibration curve of related structural compounds. 
 
2.6. Total polyphenol content. 
Total polyphenol content was determined by a modified Folin-Ciocalteau method 
(Schlesier, Harwat, Böhm, & Bitsch, 2002). Two milliliters of Na2CO3 (2 % w/v) 
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(Anedra, Argentina) were mixed with 200 µL of properly diluted sample extract and 
200 µL of Folin-Ciocalteu reagent (1:1 diluted) (Anedra, Argentina). Sample 
absorbance was measured at 725 nm in a spectrophotometer Shimadzu UV mini 1240 
UV–VIS (Kyoto, Japan) after 30 min in darkness. Quantification was achieved using 
gallic acid external standard calibration in the range from 1 to 200 µg/mL. Total 
polyphenol content was expressed as mg of gallic acid equivalents per gram of dry 
weight of sample (mg of gallic acid/g dw).  
 
2.7. Antioxidant power assay. 
Ferric Reducing Antioxidant Power (FRAP) assay was carried out to determine the 
iron-reducing capacity of each extract (Benzie & Strain, 1996). The FRAP reagent was 
prepared by mixing 300 mM acetate buffer (pH 3.6), 10 mM 2,4,6-tripyridyl-triazine 
(TPTZ) solution and 20 mM of iron (III) chloride hexahydrate (FeCl3.6H2O) in a 10:1:1 
(v/v/v) ratio prior to use and heated to 37 °C in a water bath. A total of 2.7 mL FRAP 
reagent was added to a test cuvette, and a blank reading was taken at 595 nm using a 
spectrophotometer Shimadzu UV mini 1240 UV–VIS (Kyoto, Japan). 
A total of 90 µL of extract and 270 µL of distilled water were added to the cuvette 
and gently mixed with its content. After adding the sample to the FRAP reagent, a 
second reading at 595 nm was acquired after 30 min. The changes in absorbance after 
30 min from the initial blank reading were compared with a standard curve. This curve 
was prepared using several concentrations (100-1200 µM) of iron (II) sulphate 
heptahydrate (FeSO4.7H2O) by plotting the FRAP values of each standard versus 
concentrations. The final results were expressed as µmol Fe
+2
 per g of sample dry 
weight. 
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2.8. Statistical analysis. 
The results shown represent mean values ± standard deviation of data obtained in at 
least two separate experiments. One-way (type of sample) ANOVA was conducted 
followed by the Tukey post hoc test and Student's t test were used to compare pairs of 
means and determine statistical significance at the P≤0.05 level. The statistical analyses 
were performed using the computer software program SYSTAT INC. (Evanston, USA). 
 
3. Results and discussion 
3.1. Separation, characterization and quantification of betalains. 
The reversed phase chromatographic system employed enabled a rapid separation of 
betacyanins from leaves and stems of A. brasiliana and A. tenella. The structural 
tentative identification of each compound was carried out on the basis of their retention 
time, accurate mass, molecular formula and MS/MS fragmentation in positive ion ESI 
spectra, and also by comparing their chromatographic and mass spectra characteristics 
with standards and data found in the literature (Cai, Sun, & Corke, 2005; Li et al., 
2015). 
The major betalains found belonged to the betacyanin group. Thus compound 1 and 
compound 2 were tentatively identified as amaranthine (m/z 727.1829) and its isomer 
(C15 epimer) isoamaranthine (m/z 727.1829) (compound 2), as both produced typical 
fragment ions at m/z 551 and m/z 389, corresponding to the loss of the glucuronosyl 
[M+H-176]
+
 and glucuronosyglucose [M+H-338]
+ moieties (Cai, Sun, Schliemann, & 
Corke, 2001) (Fig. 2, Table 1). Compounds 3 and 4, tentatively identified as betanin and 
its isomer isobetanin, presented the expected protonated molecular ion [M+H]
+
 at m/z 
551 and the prominent fragment ion [M+H]
+
 at m/z 389, caused by the loss of a glucose 
moiety [M+H-162]
+
 (Table 1). According to literature, amaranthine (compound 1), 
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betanin (compound 3) and their corresponding isomers (C15 epimer), isoamaranthine 
(compound 2) and isobetanin (compound 4), are the major betacyanins found in the 
majority of Amaranthus species (Cai et al., 2005; Li et al., 2015), but this is the first 
time that they are identified and quantified by HPLC-ESI-QTOF-MS in Alternanthera 
plants. 
Also, two minor betaxanthins (compounds I and II) were tentatively identified in the 
TOF-MS analysis of stems and leaves of the two Alternanthera. Compound I was 
tentatively identified as dopamine-betaxanthine, producing a [M+H]
+
 ion at m/z 
347.1239 that corresponded with the molecular formula C17H18O6N2, and fragments at 
m/z 303, corresponding with the loss of 44 Da [M+H-CO2]
+
 and m/z 211 [M+H-
C8H8O2]
+
, as a result of the rupture and reorganization of the dopamine moiety (Table 
1). Compound II was tentatively identified as 3-methoxytyramine-betaxanthin in the 
MS/MS mode, showing a [M+H]
+
 ion at m/z 361.1426 that corresponded with the 
molecular formula C18H20O6N2 (Table 1). These two betaxanthins have been previously 
found in Amaranthus species, but to date, few studies have shown the quantification by 
spectrophotometric methods of betaxanthins and betacyanins of Alternanthera plants 
(Reis et al., 2015).  
It is well known that betacyanins are responsible for the red coloring of plants 
belonging to the Amaranthaceae family, such as A. brasiliana and A. tenella (Cai et al., 
2005). Visually, both the leaves and stems of Ab are characterized by an intense purple-
red color, while At has a less intense color. The leaves and stems of A. tenella showed 
the same betacyanin profile than those of A. brasiliana and they can be classified in 
descending order of concentration as follows: amaranthine > isoamaranthine > betanin > 
isobetanin. Thus, amaranthine was the main betacyanin quantified in the four samples 
analyzed and presented the maximum concentration in leaves of A. brasiliana (80.08 
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µg/g dw) followed by its stem (14.10 µg/g dw). In general, leaves and stem of Ab 
presented higher concentration of betacyanins than leaves and stem of At. Thus, the 
total betacyanin content of leaves and stems of A. brasiliana is 5-fold and 2.5-fold than 
leaves and steam of A. tenella, respectively (Table 2). 
Betalains (betacyanins and betaxanthins) extracted from red beet are used to color a 
variety of foods (yoghurt, confectionery, ice creams, syrups, sausages, processed 
meats). However, novel sources of betacyanins (responsible of red color) are sought, in 
order to avoid the off-flavors associated to earth and high nitrate concentration of red 
beet (Delgado-Vargas & Paredes-López, 2002). In this study, the betanin and isobetanin 
content found in Ab leaves was approximately half of that reported for some Beta 
vulgaris cultivars (Kujala, Vienola, Klika, Loponen, & Pihlaja, 2002), however these 
plants (A. brasiliana and A. tenella) should be studied not only for this food coloring 
capacity, but also for their antioxidant capacity and phytochemical composition, 
considering their potential health-promoting characteristics, evidenced in the Brazilian 
folk medicine. In this context, Ab and At could be potentially important agro-industrial 
products, sources of functional ingredients. 
 
3.2. Separation and identification of polyphenols. 
A great number of phenolic compounds of different families were characterized in 
the extracts of Alternanthera plants. All the tentatively identified phenolic compounds 
in the leaves and stems of the two Alternanthera sp. along with their retention time, 
molecular formula, m/z calculated formula, accurate MS and MS/MS information 
obtained in negative ion ESI spectra, are summarized in Table 3. Ten compounds were 
confirmed by authentic standards and other ten by comparing their MS and MS/MS data 
with available literature (Table 3).  
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Thus, hydroxybenzoic acids (three compounds), hydroxycinnamic acids (three 
compounds), flavones (five compounds and isomers) and flavonols (nine compounds 
and isomers) were separated and identified (Table 3). According to the mass 
spectrometric data and retention time in HPLC, compounds 5, 6, 8, 9, 10 12, 15, 19, 25 
and 28 were identified by comparison with their corresponding commercial standards 
(Fig. 3). 
The same hydroxybenzoic acids were found in all Ab and At tissues (Table 4). 4-
Hydroxybenzoic acid (compound 5) and gentisic acid (compound 6) were identified by 
comparing their chromatographic and mass data with authentic standards, meanwhile 
the mass spectra data of compound 7 showed a molecular ion m/z 315.1085 that 
corresponded with the molecular formula C14H20O8 and was tentatively identified as 
dihydroxybenzoic acid glucoside (Table 3). Also, chlorogenic (compound 8), coumaric 
(compound 9) and ferulic (compound 10) acids were identified using authentic 
standards, according to data shown in Table 3 and Fig. 3. These acids are present in 
leaves and stems of Ab and At, except chlorogenic acid, absent in all the parts studied 
of A. tenella (Table 4). In the present study eighteen flavonoids (six flavones + twelve 
flavonols) were identified in the extracts of stems and leaves of A. brasiliana and A. 
tenella. With respect to flavones, 2''-O-rhamnosylpyranosyl-vitexin (compound 12) and 
vitexin (compound 15) were identified by comparing their chromatographic and mass 
spectrometric data with authentic standards. Compound 11 was tentatively identified as 
glucosylpyranosyl-vitexin on the basis of its mass spectrometry data (Table 3) and also 
according to data found in the scarce studies available about flavonoid composition of 
Alternathera plants, showing this compound in Alternanthera maritima and 
Alternanthera tenella (de Santana Aquino et al., 2015; Salvador et al., 2006; Souza et 
al., 2007). Compounds 13 and 14 were tentatively identified as two isomers of pentosyl- 
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hexosyl-apigenin, due to both compounds showing the same mass data in the HPLC-
TOF/MS analysis (Table 3), with a [M-H]
-
 ion at m/z 563.1406 and the same 
fragmentation pattern, suggesting that they had the same molecular formula C26H28O14.  
The fragment at m/z 413, formed by the loss of 150 Da, indicated the presence of an O-
pentosyl and the fragment at m/z 293 demonstrated the presence of the apigenin 
aglycone +41–18 Da. All these data corroborated the presence of pentosyl-hexosyl-
apigenin isomers. Attending to previous published results showing that 8-C-glucosyl-
apigenin elutes before 6-C-glucosyl-apigenin under HPLC reverse phase conditions 
(Pereira et al., 2013), compound 13 could tentatively be identified as 2''-O-pentosyl-8-
C-hexosyl-apigenin (2''-O-pentosyl-vitexin) and compound 14 as 2''-O-pentosyl-6-C-
hexosyl-apigenin (2''-O-pentosyl-isovitexin). To our knowledge, in the present study 
these compounds were detected for the first time in Alternanthera plants. 
Leaf and stem of A. tenella contained five of the six flavones identified in the present 
study. Thus, A. tenella leaf (At-leaf) lacked pentosyl-vitexin (compound 13), meanwhile 
its stem (At-stem) lacked ''2-O-rhamnopyranosyl-vitexin (compound 12) (Table 4). It is 
remarkable that the stem of A. brasiliana presented a poorer flavone profile than its leaf 
(Ab-leaf), as the majority of the vitexin derivatives (compounds 11, 12, 14 and 15) were 
not found in Ab-stem (Table 4).  
Regarding flavonol content, different isorhamnetin, quercetin and kaempferol 
derivatives were identified in the leaf and stem of the two Althernanthera plants (Table 
3 and 4). Compounds 19, 25 and 28 were identified as kaempferol (m/z 285.0405), 
quercetin (m/z 301.0354) and quercetin-3-O-rutinoside (m/z 609.1461), respectively, by 
comparison with authentic standards. Another two quercetin derivatives, compounds 26 
and 27, were tentatively identified as isomers of quercetin-glucoside. 
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Compound 17 and 18 were tentatively identified as two isomers of isorhamnetin-
rutinoside, on the basis of their chromatographic and mass spectrometry data (Table 3), 
with a [M-H]
-
 ion at m/z 623.1618 and the same fragment at m/z 315 corresponding to 
the isorhamnetin aglycone. In fact, in A. maritime, these two isomers of isorhamnetin-3-
O-rutinoside have also been found. They were tentatively identified as isorhamnetin 3-
O-α-L-rhamnopyranosyl-(1→6)-β-D-glucopyranoside and 3-O-α-L-
rhamnopyranosyl-(1→6)-β-D-galactopyranoside (de Santana Aquino et al., 2015). 
Compounds 20, 21, 23 and 24 were tentatively identified as kaempferol derivatives 
on the basis of their chromatographic and mass spectrometry data, with a significant 
fragment ion at m/z 285 corresponding to the kaempferol aglycone (Table 3). In fact, 
compound 23 and 24 were tentatively identified as two isomers of kaempferol-
rhamnosyl-rhamnosyl-glycoside, due to the mass spectra data of these two compounds 
showing the same molecular ion m/z 739.2091 that coincided with the molecular 
formula C33H40O19 and the ion fragments at m/z 593, corresponding to kaempferol-
rutinoside, formed as consequence of the loss of the rhamnose fragment, and m/z 285, 
belonging to the kaempferol aglycone. These two compounds 23 and 24 had not been 
identified before in Alternanthera plants.  
In general, it is described that different plants of the Amaranthaceae family present 
flavonols such as rutin, quercetin and kaempeferol-rutinoside (Li et al., 2015), 
meanwhile there are few studies describing the flavonoid composition of the 
Alternanthera genus. Thus, quercetin and kaempferol were found in Alternantera 
tenella (Salvador et al., 2006) and quercetin and two quercetin derivatives were 
identified in Alternantera maritima (Souza et al., 2007). 
 
3.3. Quantification of polyphenols 
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The main flavonol compounds found in Ab-leaf were kaempferol-rhamnosyl-
rhamnosyl-glucoside (compound 24) (9604.71 µg/g dw) and its isomer compound 23 
(7753.96 µg/g dw), followed by kaempferol-rutinoside (compound 21) (6468.63 µg/g 
dw) (Table 4). These compounds being the major ones in Ab-leaf are shown in Fig. 4. 
Meanwhile, the main flavonol in the Ab-stem was quercetin-glucoside (compound 27) 
(68.09 µg/g dw). The major flavonol in leaves and stems of A. tenella was kaempferol-
rutinoside (compound 22) (4794.8 and 789.8 µg/g dw, respectively, for leaf and stem) 
(Table 4). The amount of kaempferol-rutinoside (compound 22) found in this work for 
Ab-leaf results 100-fold higher compared to eleven different Amaranthus species 
studied by Li et. al (2015).  
It is remarkable that the more abundant phenolic compound was kaempferol-
rhamnosyl-rhamnosyl-glucoside (compound 24) (Fig. 4), found in leaves of A. 
brasiliana, but this compound was not found either in leaf or stem of A. tenella (Table 
4). Meanwhile, glucopyranosylvitexin (compound 11) was not present in the leaf and 
stem of A. brasiliana, but was found in high concentration in the leaf (3740.32 µg/g dw) 
and also in the stem (425.7 µg/g dw) of A. tenella (Fig. 5 and Table 4).  
In general, the total polyphenol concentration, determined as the sum of the different 
families, was significantly higher in the leaves than in the stems of the two plants. Thus, 
the total polyphenol content was 200-fold and 7-fold higher in leaves than in stems of 
Ab and in At, respectively (Table 4). Flavonols were the main phenolic compounds 
identified in the leaves of A. brasiliana and A. tenella (34979.77 and 9776.14 µg/g dw, 
respectively) followed by flavone compounds (231.14 and 6276.77 µg/g dw, 
respectively).  
It is notable the high concentration of vitexin and its derivatives found in the A. 
tenella leaves (6276.77 µg/g dw), representing nearly 30% of the total polyphenols 
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quantified. Compound 11 and 15 being the main ones in Ab-leaf are shown in Fig. 5. 
The next sample with high vitexin derivatives content was the At-stem (805.07 µg/g 
dw), and with much lesser concentration, Ab-leaf and Ab-stem (231.14 and 2.78 µg/g 
dw). Vitexin and vitexin derivatives have been reported as having a potent antioxidant 
activity and also anticancer and antimutagenic potential (Delgado-Vargas & Paredes-
López, 2002; Salvador, Zucchi, Candido, Ito, & Dias, 2004). 
The few published studies on polyphenol occurrence in the plant of the same genus 
Alternanthera philoxeroides, reported similar contents for quercetin and its derivatives 
and chlorogenic acid than that found here in Ab-leaf, but lower flavonoid content than 
in the present study (Kumar, Sharma, Bhardwaj & Thukral, 2015; Lin et al., 2014). The 
contribution of the high concentration of kaempferol and vitexin raises significantly the 
total polyphenol content of A. brasiliana and A. tenella (Table 4). 
The concentration of kaempferol and its derivatives (compounds 19-24) quantified in 
Alternanthera plants, for example 34243.2 µg/g dw found for A. brasiliana leaves, is 
much higher than those reported by Kumar, Sharma, Bhardwaj & Thukral (2015) in 
their study on A. philoxeroides where they found 9 µg/g dw of kaempferol. Kaempferol 
is a well-known anti-inflammatory molecule and its role in different aspect of human 
physiology as a health promoting agent (including antioxidant, antimicrobial, 
anticancer, cardioprotective, neuroprotective, antidiabetic, anti-osteoporotic, 
estrogenic/antiestrogenic, anxiolytic, analgesic and antiallergic activities) are widely 
described (Calderon-Montano, Burgos-Morón, Pérez-Guerrero, & López-Lázaro, 2011).  
Considering the results obtained in the present study, A. brasiliana and A. tenella 
plants have emerged as an important source of flavonoids with important biological 
activities that could be extracted and employed as functional ingredients. 
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3.4. Total polyphenol content and antioxidant power.  
Data of total polyphenol content (TPC) and FRAP assay are shown in Table 5. In a 
2x2 factorial experimental design, both the part of the plant studied (leaves or stems) 
and the specie (A. brasiliana or A. tenella) were significant factors on TPC and FRAP 
assays (p<0.05). Besides, interaction between factors was also significant. Thus, no 
significant differences were found in TPC and FRAP values between Ab-stem and At-
stem, being these values significantly lower than that found for leaves (Table 5). A. 
tenella leaves showed the highest TPC (23.95 mg gallic acid equivalent-GAE/g dw) and 
antioxidant activity determined by FRAP (235.99 µM Fe+2/g dw), in spite of containing 
less total amount of both betacyanins and polyphenols (Table 2 and 4). These 
contradictory results could be attributed to the higher total flavones content (6276.77 
µg/g dw) in At-leaf with respect to Ab-leaf (231.14 µg/g dw) (Table 4), mainly vitexin 
and its derivatives. Thus, the high content of vitexin and its C-glycoside derivatives 
found in A. tenella leaves would be correlated with the high antioxidant activity 
observed in these samples. According to Moore (2001), several authors found no 
correlation between antioxidant activity and phenolic content in malts, citrus residues, 
fruit berry, fruit wines or in plant extracts, so further studies will be necessary to 
elucidate this results. 
 
4. Conclusion 
In summary, a high-performance liquid chromatography system coupled with an 
electrospray mass spectrometry detection (HPLC-ESI-MS-QTOF) has been very useful 
to separate, characterize and quantify in the same extract two different phytochemical 
families, betalains (positive ion ESI spectra) and phenolic compounds (negative ion ESI 
spectra). Four betacyanins (amaranthine, isoamaranthine, betanin and isobetanin) and 
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twenty-eight phenolic compounds of four different families (hydroxybenzoic and 
hydroxycinnamic acids, flavones and flavonols) were characterized. Leaves of A. 
brasiliana have shown a high total betacyanin content (89.40 µg/g dw), meanwhile 
leaves of A. tenella presented a very high concentration of vitexin and vitexin 
derivatives (10075.88 µg/g dw) that should be the main responsible of the important 
antioxidant activity of this sample.  
The results obtained in the present study made evident that leaves and stems of A. 
brasiliana and A. tenella could be important agro-industrial products, not only for its 
potential use as natural food dye additives, but also for their varied phytochemical 
composition and its antioxidant activity that make them important potential sources of 
functional ingredients. Thus, many more basic research studies on these plants would be 
necessary to further elucidate the absorption, metabolism, safety and potential efficiency 
of bioactive compounds of A. brasiliana and A. tenella, in order to provide enough 
scientific evidences to support the use of these plants as natural sources of functional 
food ingredients.  
 
Acknowledgments 
This work has been carried out thanks to projects „„CRYODYMINT‟‟ (AGL2010-
21989-C02-02) of the Spanish Ministry of Science and Innovation and “APHENZ” 
(AGL2016-77056-R) and FENGASTRO (AGL2013-46326-R) of the Spanish Ministry 
of Economy and Competitiveness. A. Schneider Teixeira was supported by the CSIC, 
within the JAE-Pre program, partially funded from the European Social Fund, and 
CONICET.  
Cristiane Weidle and Solange Carmen Manica, Brazil, are gratefully acknowledged 
for providing plants. Dr. Fernando Gandía-Herrero, Universidad de Murcia, Spain, is 
gratefully acknowledged for providing extract of Carpobrotus acinaciformis. 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
21 
 
 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
22 
 
References 
Aguilera, Y., Martin-Cabrejas, M. A., & de Mejia, E. G. (2016). Phenolic compounds in 
fruits and beverages consumed as part of the mediterranean diet: their role in 
prevention of chronic diseases. Phytochemistry Reviews, 15(3), 405-423.  
Albano, C., Negro, C., Tommasi, N., Gerardi, C., Mita, G., Miceli, A., Blando, F. 
(2015). Betalains, phenols and antioxidant capacity in Cactus Pear [Opuntia 
ficus-indica (L.) Mill.] fruits from Apulia (South Italy) Genotypes. Antioxidants, 
4(2), 269-280.  
Anitha, T. (2016). A study on the cooking quality, biochemical and nutritive value of 
edible green leaf vegetable: Alternanthera sessilis (L.) R. Br. Ex Dc. IJAR, 2(4), 
28-30.  
Benzie, I. F., & Strain, J. (1996). The ferric reducing ability of plasma (FRAP) as a 
measure of “antioxidant power”: the FRAP assay. Analytical biochemistry, 
239(1), 70-76.  
Cai, Y., Sun, M., & Corke, H. (2003). Antioxidant activity of betalains from plants of 
the Amaranthaceae. Journal of Agricultural and Food Chemistry, 51(8), 2288-
2294.  
Cai, Y., Sun, M., & Corke, H. (2005). HPLC characterization of betalains from plants in 
the Amaranthaceae. Journal of chromatographic science, 43(9), 454-460.  
Cai, Y., Sun, M., Schliemann, W., & Corke, H. (2001). Chemical stability and colorant 
properties of betaxanthin pigments from Celosia argentea. Journal of 
Agricultural and Food Chemistry, 49(9), 4429-4435.  
Calderon-Montano, J. M., Burgos-Morón, E., Pérez-Guerrero, C., & López-Lázaro, M. 
(2011). A review on the dietary flavonoid kaempferol. Mini reviews in medicinal 
chemistry, 11(4), 298-344.  
Das, K., & Duarah, P. (2013). Invasive Alien Plant Species in the Roadside Areas of 
Jorhat, Assam: Their Harmful Effects and Beneficial Uses. J. Eng. Res. Appl, 
3(5), 353-358.  
de Mello Andrade, J. M., & Fasolo, D. (2014). Polyphenol Antioxidants from Natural 
Sources and Contribution to Health Promotion-Chapter 20 (R. R. Watson, V. R. 
Preedy, & S. Zibadi Eds.). San Diego: Academic Press. 
de Santana Aquino, D. F., Piccinelli, A. C., Soares, F. L. P., Arena, A. C., Salvador, M. 
J., & Kassuya, C. A. L. (2015). Anti-hyperalgesic and Anti-inflammatory 
Activity of Alternanthera Maritima Extract and 2 ″-O-α-l-
rhamnopyranosylvitexin in Mice. Inflammation, 38(6), 2057-2066.  
Delgado-Vargas, F., & Paredes-López, O. (2002). Natural colorants for food and 
nutraceutical uses: CRC Press. 
Gandía-Herrero, F., García-Carmona, F., & Escribano, J. (2005). A novel method using 
high-performance liquid chromatography with fluorescence detection for the 
determination of betaxanthins. Journal of Chromatography A, 1078(1), 83-89.  
Hundiwale Jogendra, C., Patil Avinash, V., Kulkarni Mohan, V., Patil, D. A., & Mali 
Ravindra, G. (2012). A current update on phytopharmacology of the genus 
Alternanthera. Journal of Pharmacy Research, 5(4), 1924-1929. 
Kammerer, D., Carle, R., & Schieber, A. (2004). Characterization of phenolic acids in 
black carrots (Daucus carota ssp. sativus var. atrorubens Alef.) by 
high‐performance liquid chromatography/electrospray ionization mass 
spectrometry. Rapid Communications in Mass Spectrometry, 18(12), 1331-1340.  
Khan, M. I., & Giridhar, P. (2015). Plant betalains: Chemistry and biochemistry. 
Phytochemistry, 117, 267-295.  
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
23 
 
Kujala, T. S., Vienola, M. S., Klika, K. D., Loponen, J. M., & Pihlaja, K. (2002). 
Betalain and phenolic compositions of four beetroot (Beta vulgaris) cultivars. 
European Food Research and Technology, 214(6), 505-510.  
Kumar, S., Singh, P., Mishra, G., Srivastav, S., Jha, K. K., & Khosa, R. L. (2011). 
Phytopharmacological review of Alternanthera brasiliana (Amaranthaceae) 
Asian Journal of Plant Science and Research, 1 (1), 41-47.  
Kumar, V., Sharma, A., Bhardwaj R. & Thukral, A. K. (2015). Polyphenol profiling in 
the leaves of plants from the catchment area of river beas, India. International 
Journal of Pharm and Bio Sciences 6 (4): (B) 1005-1012. 
Lewandowska, H., Kalinowska, M., Lewandowski, W., Stępkowski, T. M., & Brzóska, 
K. (2016). The role of natural polyphenols in cell signaling and cytoprotection 
against cancer development. The Journal of nutritional biochemistry, 32, 1-19.  
Li, H., Deng, Z., Liu, R., Zhu, H., Draves, J., Marcone, M., Tsao, R. (2015). 
Characterization of phenolics, betacyanins and antioxidant activities of the seed, 
leaf, sprout, flower and stalk extracts of three Amaranthus species. Journal of 
Food Composition and Analysis, 37, 75-81.  
Lin, K.-H., Yeh, H., Lin, S.-Y., Yang, C.-M., Tsai, H.-J., Tsai, J.-J., & Chao, P.-Y. 
(2014). Antioxidant activities of methanol extracts from selected Taiwanese 
herbaceous plants. Journal of Food and Nutrition Research, 2(8), 435-442.  
Macedo, A. F., Lage, C. L., Esquibel, M. A., Souza, M. D., Silva, K. D., Niero, R., & 
Cechinel-Filho, V. (2004). Preliminary phytochemical and pharmacological 
studies on plantlets of Alternanthera brasiliana cultured under different spectral 
quality of lights. Acta Farm. Bonaerense, 23(4), 515-9.Moure, A., Cruz, J. M., 
Franco, D., Dom  nguez, J. M., Sineiro, J., Dom  nguez, H. & Parajó, J. C. (2001). 
Natural antioxidants from residual sources. Food chemistry, 72(2), 145-171. 
Mortensen, A. (2006). Carotenoids and other pigments as natural colorants Pure and 
Applied Chemistry (Vol. 78, pp. 1477). 
Narayanan, M. R., Anilkumar, N., Balakrishnan, V., Sivadasan, M., Alfarhan, H. A., & 
Alatar, A. (2011). Wild edible plants used by the Kattunaikka, Paniya and 
Kuruma tribes of Wayanad District, Kerala, India. Journal of Medicinal Plants 
Research, 5(15), 3520-3529.  
Ogle, B. M., Tuyet, H. T., Duyet, H. N., & Xuan Dung, N. N. (2003). Food, feed or 
medicine: the multiple functions of edible wild plants in Vietnam. Economic 
Botany, 57(1), 103-117.  
Pereira, D., Zanon, R., Dos Santos, M., Boligon, A., & Athayde, M. (2013). Antioxidant 
activities and triterpenoids isolated from Alternanthera brasiliana (L.) Kuntze 
leaves. Natural product research, 27(18), 1660-1663.  
Ramachandran, V. (2007). Wild edible plants of the Anamalais, Coimbatore district, 
western Ghats, Tamil Nadu. http://nopr.niscair.res.in/handle/123456789/901. 
Rao, R., Sagar, K., & Sathyanarayana, N. (2012). Beneficial Aspects of Invasive Alien 
Weeds with Special. Invasive Alien Plants: An Ecological Appraisal for the 
Indian Subcontinent, 1, 271.  
Reis, A., Kleinowski, A. M., Klein, F. R. S., Telles, R. T., do Amarante, L., & Braga, E. 
J. B. (2015). Light quality on the in vitro growth and production of pigments in 
the genus Alternanthera. Journal of Crop Science and Biotechnology, 18(5), 
349-357.  
Rothwell, J. A., Urpi-Sarda, M., Boto-Ordonez, M., Knox, C., Llorach, R., Eisner, R., 
Manach, C. (2012). Phenol-Explorer 2.0: a major update of the Phenol-Explorer 
database integrating data on polyphenol metabolism and pharmacokinetics in 
humans and experimental animals. Database, 2012, bas031.  
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
24 
 
Sakuta, M. (2014). Diversity in plant red pigments: anthocyanins and betacyanins. Plant 
biotechnology reports, 8(1), 37-48.  
Salvador, M., & Dias, D. A. (2004). Flavone C-glycosides from Alternantheramaritima 
(Mart.) St. Hil.(Amaranthaceae). Biochemical systematics and ecology, 32(1), 
107-110.  
Salvador, M., Ferreira, E. O., Mertens-Talcott, S. U., De Castro, W. V., Butterweck, V., 
Derendorf, H., & Dias, D. A. (2006). Isolation and HPLC quantitative analysis 
of antioxidant flavonoids from Alternanthera tenella Colla. Zeitschrift für 
Naturforschung C, 61(1-2), 19-25.  
Salvador, M., Zucchi, O., Candido, R., Ito, I., & Dias, D. (2004). In vitro antimicrobial 
activity of crude extracts and isolated constituents of Alternanthera maritima. 
Pharmaceutical biology, 42(2), 138-148.  
Samudrala, P. K., Augustine, B. B., Kasala, E. R., Bodduluru, L. N., Barua, C., & 
Lahkar, M. (2014). Evaluation of antitumor activity and antioxidant status of 
Alternanthera brasiliana against Ehrlich ascites carcinoma in Swiss albino mice. 
Pharmacognosy research, 7(1), 66-73.  
Santos, J., Oliveira, M., Ibáñez, E., & Herrero, M. (2014). Phenolic profile evolution of 
different ready-to-eat baby-leaf vegetables during storage. Journal of 
Chromatography A, 1327, 118-131.  
Schlesier, K., Harwat, M., Böhm, V., & Bitsch, R. (2002). Assessment of antioxidant 
activity by using different in vitro methods. Free radical research, 36(2), 177-
187.  
Slatnar, A., Stampar, F., Veberic, R., & Jakopic, J. (2015). HPLC‐MSn Identification of 
Betalain Profile of Different Beetroot (Beta vulgaris L. ssp. vulgaris) Parts and 
Cultivars. Journal of Food Science, 80(9), C1952-C1958.  
Souza, J. G., Tomei, R. R., Kanashiro, A., Kabeya, L. M., Azzolini, A. E., Dias, D. A.,  
Lucisano-Valim, Y. M. (2007). Ethanolic crude extract and flavonoids isolated 
from Alternanthera maritima: neutrophil chemiluminescence inhibition and free 
radical scavenging activity. Zeitschrift für Naturforschung C, 62(5-6), 339-347.  
Steffensen, S. K., Pedersen, H. A., Labouriau, R., Mortensen, A. G., Laursen, B., de 
Troiani, R. M., Taberner, A. (2011). Variation of polyphenols and betaines in 
aerial parts of young, field-grown Amaranthus genotypes. Journal of 
Agricultural and Food Chemistry, 59(22), 12073-12082.  
Stintzing, F. C., & Carle, R. (2004). Functional properties of anthocyanins and betalains 
in plants, food, and in human nutrition. Trends in food science & technology, 
15(1), 19-38.  
Stintzing, F. C., Kammerer, D., Schieber, A., Adama, H., Nacoulma, O. G., & Carle, R. 
(2004). Betacyanins and phenolic compounds from Amaranthus spinosus L. and 
Boerhavia erecta L. Zeitschrift für Naturforschung C, 59(1-2), 1-8.  
Tao, W., Yang, N., Duan, J. a., Wu, D., Guo, J., Tang, Y., Zhu, Z. (2011). Simultaneous 
Determination of Eleven Major Flavonoids in the Pollen of Typha angustifolia 
by HPLC‐PDA‐MS. Phytochemical Analysis, 22(5), 455-461.  
Valavanidis, A., & Vlachogianni, T. (2013). Chapter 8 - Plant Polyphenols: Recent 
Advances in Epidemiological Research and Other Studies on Cancer Prevention. 
In R. Atta ur (Ed.), Studies in Natural Products Chemistry (Vol. Volume 39, pp. 
269-295): Elsevier. 
Wong, J. Y., Matanjun, P., Ooi, Y. B. H., & Chia, K. F. (2014). Evaluation of 
antioxidant activities in relation to total phenolics and flavonoids content of 
selected Malaysian wild edible plants by multivariate analysis. International 
Journal of Food Properties, 17(8), 1763-1778.  
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
25 
 
Wu, L.-Z., Zhang, X.-P., Xu, X.-D., Zheng, Q.-X., Yang, J.-S., & Ding, W.-L. (2013). 
Characterization of aromatic glycosides in the extracts of Trollius species by 
ultra high-performance liquid chromatography coupled with electrospray 
ionization quadrupole time-of-flight tandem mass spectrometry. Journal of 
pharmaceutical and biomedical analysis, 75, 55-63.  
Xiao, J., Capanoglu, E., Jassbi, A. R., & Miron, A. (2016). Advance on the flavonoid C-
glycosides and health benefits. Critical reviews in food science and nutrition, 
56(sup1), S29-S45.  
Zhang, J.-Y., Li, N., Che, Y.-Y., Zhang, Y., Liang, S.-X., Zhao, M.-B., Tu, P.-F. (2011). 
Characterization of seventy polymethoxylated flavonoids (PMFs) in the leaves 
of Murraya paniculata by on-line high-performance liquid chromatography 
coupled to photodiode array detection and electrospray tandem mass 
spectrometry. Journal of pharmaceutical and biomedical analysis, 56(5), 950-
961.  
Zhou, B.-N., Blaskò, G., & Cordell, G. A. (1988). Alternanthin, a C-glycosylated 
flavonoid from Alternanthera philoxeroides. Phytochemistry, 27(11), 3633-
3636. 
  
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IP
T
 
26 
 
 
 
Fig. 1. Alternanthera brasiliana and tenella specimens showing the plant parts studied. 
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Fig. 2. Extracted Ion Chromatogram (EIC) and molecular structure of major betacyanin 
compound of the extract of A. brasiliana and MS/MS inserted: (1) Amaranthine 
(number in the right top side corresponds to those in Tables 1 and 2). 
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Fig 3. HPLC chromatogram of authentic standards: (5) 4-Hydroxibenzoic acid, (6) 2,5-
Dihydroxybenzoic acid, (8) Chlorogenic acid, (9) Coumaric acid, (10) Ferulic acid, (12) 
2''-O-Rhamnopyranosyl-vitexin, (15) Vitexin, (19) Kaempferol, (25) Quercetin and (28) 
Rutin (numbers at the right top of each frame correspond to those in Table 3). 
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Fig. 4. Extracted Ion chromatograms (EIC) and molecular structure of major phenolic 
compounds of an extract of A. brasiliana leaf and MS/MS was inserted: (20) 
Kaempferol-glucoside, (22) Kaempferol‐rutinoside and (23) Kaempferol-rhamnosyl-
rhamnosyl-glycoside (numbers at the right top of each frame correspond to those in 
Table 3 and 4). 
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Fig. 5. Extracted Ion Chromatograms (EIC) and molecular structure of major phenolic 
compounds of an extract of A. tenella and MS/MS was inserted: (11) Glucopyranosyl-
vitexin and (15) Vitexin (numbers at the right top of each frame correspond to those in 
Table 3 and 4). 
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Table 1. Identification of betalains in extracts of A. brasiliana and A. tenella by HPLC-ESI-
QTOF-MS. 
 
a
Percentage of proximity of the molecular formula generated by Masshunter software with the 
exact mass and the isotopic distribution. 
b
Id: (1) Identification by comparison with authentic 
standards and databases and (2) identification by comparison with literature data and databases 
(2). 
c
Ref. Reference number [1] Confirmed with data found in reference Cai et al. (2005) and Li 
et al. (2015). 
 
  
         
Proposed 
Compounds 
N
º
 
TRm
in 
Formula 
Scor
e
a
 
(M+H)
+ MSMS 
Id
b
 
Ref.
c
 
Betacyanins         
Amaranthine 
(Betanidin-5-O-β-
glucuronosylgluc
oside) 
 
1 17.0 
C30H34O19
N2  
99 
727.18
29 
551(5)389(
100) 
2 [1] 
Isoamaranthine 
(Isobetanidin-5-
O-β-
glucuronosylgluc
oside) 
 
2 18.8 
C30H34O19
N2  
98 
727.18
29 
551(5)389(
100) 
2 [1] 
Betanin 
(Betanidin-5-O-β-
glucoside) 
 
3 19.5 
C24H26O13
N2  
99 
551.15
13 
389(100) 1 [1] 
Isobetanin 
(Betanidin-5-O-β-
glucoside) 
 
4 21.6 
C24H26O13
N2  
99 
551.15
13 
389(100) 1 [1] 
Betaxanthins         
Dopamine-
betaxanthin 
I 10.2 
C17H18O6
N2  
97 
347.12
39 
 2 [1] 
3-
Methoxytyramine
-betaxanthin 
II 19.2 
C18H20O6
N2 
65 
361.14
26 
 2 [1] 
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Table 2. Betacyanin concentration (µg/g dw) in different parts of 
A. brasiliana and A. tenella. 
 
Sample 
Part 
of 
the 
plan
t 
Amaranthi
ne 
Isoamaranthi
ne 
Betani
n 
Isobetani
n 
Total 
Betacyani
n 
Alternanther
a brasiliana 
leaf 80.08
c
 ± 
1.05 
7.21
c
 ± 0.10 1.56
d
 ± 
0.19 
0.55
d 
± 
0.04 
89.40
c 
 
stem 14.10
b
 ± 
0.25 
1.11
b 
± 0.03 0.37
b 
± 
0.04 
0.20
b 
± 
0.01 
15.78
b
  
Alternanther
a tenella 
leaf 14.71
b
 ± 
0.21 
1.05
b
 ± 0.01 1.16
c 
± 
0.13 
0.37
c
 ± 
0.01 
17.29
b
  
stem 5.40
a 
± 0.10 0.40
a 
± 0.01 0.18
a 
± 
0.02 
0.12
a 
± 
0.01 
6.10
a
  
The results shown represent mean values of two different analyses being the 
coefficient of variation (CV) < 5 in all the cases.  
Different letters in the same column indicate significantly different values 
(p<0.05, HSD Tukey test). 
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Table 3. Identification of phenolic compounds in A. brasiliana and A. tenella by HPLC-ESI-
QTOF-MS. 
 
         
Proposed 
Compounds 
N
º 
TR 
(mi
n) 
Formu
la 
Scor
e
a
 
(M-H)
- 
MSMS
b
 
Id
c
 
Ref
.
d
 
Hydroxibenzoic acids 
4-
Hydroxibenzoi
c acid 
5 10.7 
C7H6O
3 
 
137.02
44 
 1  
2,5-
Dihydroxyben
zoic acid 
(gentisic acid) 
6 10.9 C7H6O4  
153.01
93 
 1  
Dihydroxyben
zoic acid 
glucoside 
7 6.7 
C14H20
O8 
90 
315.10
85 
89(100)59(97)135(
85) 
2  
Hydroxycinnamic acids 
Chlorogenic 
acid 
8 11.4 
C16H18
O9 
 
353.08
78 
 1  
Coumaric acid 9 17.4 C9H8O3  
163.04
01 
 1  
Ferulic acid 
1
0 
19.5 
C10H10
O4 
 
193.05
06 
 1  
Flavones 
Glucopyranosy
l-vitexin 
1
1 
18.7 
C27H30
O15 
99 
593.15
12 
593(100)413(58)29
3(15) 
2 [1] 
2''-O-
Rhamnopyrano
syl-vitexin 
1
2 
19.4 
C27H30
O14 
 
577.15
63 
 1  
Pentosil-8-C-
hexosyl-
apigenin  
(Pentosyl-
vitexin) 
1
3 
19.2 
C26H28
O14 
89 
563.14
06 
563(100)413(25)29
3(15) 
2 [2] 
Pentosil-
hexosyl-
apigenin  
(Pentosyl-
isovitexin) 
1
4 
19.5 
C26H28
O14 
84 
563.14
06 
563(100)413(25)29
3(15) 
2 [2] 
Vitexin 
(apigenin-8-C-
glucoside) 
1
5 
19.7 
C21H20
O10 
 
431.09
84 
 1  
Vitexin 1 22.7 C24H22 97 517.09 473(100)311(53) 2  
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a
Percentage of proximity of the molecular formula generated by Masshunter software with the exact 
mass and the isotopic distribution. bIdentification with MS fragmentation of the standard and database. 
When identification was not possible, the postulated fragments are shown. 
c
Id: Identification by comparison 
with authentic standard (1) and with references (2). 
d
Confirmed with reference.  
[1] Confirmed with reference Wu et al. (2013). 
[2] Confirmed with reference Santos, Oliveira, Ibáñez, and Herrero (2014). 
[3] Confirmed with reference Rothwell et al. (2012). 
[4] Confirmed with reference Kammerer, Carle, and Schieber (2004). 
[5] Confirmed with reference Stintzing et al. (2004). 
[6] Confirmed with reference Steffensen et al. (2011). 
[7] Confirmed with reference Tao et al. (2011). 
 
  
derivative 6 O13 88 
Flavonols 
Isorhamnetin -
rutinoside 
1
7 
22.6 
C28H32
O16 
95 
623.16
18 
623(100)315(10) 
2 
[7] 
1
8 
22.8 87 623(100)315(24) [2] 
Kaempferol 
1
9 
34.9 
C15H10
O6 
 
285.04
05 
 1  
Kaempferol - 
glucoside 
2
0 
23.4 
C21H20
O11 
97 
447.09
33 
447(100)285(20) 2 [3] 
Kaempferol 
‐rutinoside 
2
1 
21.3 
C27H30
O15 
86 
593.15
67 
593(100)285(20) 
2 
[3,6
] 2
2 
22.3 87 
593(100)285(18) 
Kaempferol -
rhamnosyl-
rhamnosyl-
glycoside 
2
3 
18.2 
C33H40
O19 
94 
739.20
91 
593(100)285(5) 
2 [3] 
2
4 
18.9 87 593(100)285(8) 
Quercetin 
2
5 
31.2 
C15H10
O7 
 
301.03
54 
 1  
Quercetin ‐ 
glucoside 
2
6 
20.4 
C21H20
O12 
97 
463.08
82 
301(62) 
2 
[3,4
] 
2
7 
20.8 87 301(62) [5] 
Quercetin-3-O-
rutinoside 
(Rutin) 
2
8 
19.9 
C27H30
O16 
 
609.14
61 
 1  
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Table 4. Polyphenols concentration (µg/g dw) in leaf and stem of A. brasiliana (Ab) and A. 
tenella (At). 
Compounds 
(Nº) 
Sample
a
 
Ab-leaf At-leaf Ab-stem At-stem 
     
Hydroxibenzoic acids    
     
5  0.90 ± 0.03 1.17 ± 0.11 0.04 ± 0.11 0.09 ± 0.05 
     
6  3.19 ± 0.153 3.27 ± 0.29 27.97 ± 2.50 7.51 ± 0.20 
     
7  21.38 ± 1.03 143.43 ± 3.33 6.85 ± 2.01 44.18 ± 2.46 
     
Total  25.47 147.87 34.86 51.78 
Hydroxycinnamic acids    
     
8 1.38 ± 0.05 nd 0.86 ± 0.06 nd 
     
9 4.10 ± 0.15 8.90 ± 0.25 0.19 ± 0.03 0.41 ± 0.01 
     
10 1.48 ± 0.03 4.46 ± 0.68 0.51 ± 0.05 0.43 ± 0.02 
     
Total 6.96 13.36 1.56 0.84 
Flavones     
     
11 nd 3740.32 ± 35.80 nd 425.71 ± 18.74 
     
12 181.65 ± 1.87 55.59 ± 0.30 nd nd 
     
13 0.49 ± 0.01 nd 2.65 ± 0.15 22.94 ± 1.37 
14 44.89 ± 1.63 839.04 ± 3.14 nd 9.66 ± 0.721 
     
15 4.11 ± 0.40 1264.41 ± 16.37 nd 22.43 ± 0.86 
          
16 nd 377.41 ± 8.69 0.13 ± 0.01 324.26 ± 2.11 
     
Total 231.14 6276.77 2.78 805.07 
Flavonols     
     
17 19.71 ± 0.24 448.84 ± 20.30 2.11 ± 0.03 133.00 ± 3.34 
18 19.30 ± 0.29 364.77 ± 2.05 2.67 ± 0.06 72.66 ± 8.14 
19 201.72 ± 5.44 72.88 ± 2.05 0.56 ± 0.05 9.54 ± 0.61 
     
20 1887.72 ± 2.67 1078.32 ± 15.04 6.12 ± 0.07 41.76 ± 2.15 
     
21 
6468.63 ± 
129.98 
2926.40 ± 2.64 19.60 ± 0.18 557.18 ± 31.81 
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22 
8326.46 ± 
15.53 
4794.80 ± 31.71 38.19 ± 0.77 789.88 ± 32.89 
     
23 
7753.96 ± 
165.67 
nd 5.95 ± 0.03 190.13 ± 11.56 
     
24 
9604.71 ± 
191.85 
nd 6.66 ± 0.16 nd 
     
25 19.01 ± 0.62 5.04 ± 0.11 0.89 ± 0.03 0.39 ± 0.07 
     
26 147.37 ± 1.73  10.04 ± 0.16  7.37 ± 0.52 5.90 ±  0.42 
     
27 451.71 ± 5.45  27.59 ± 0.23  68.09 ± 1.62 37.00 ± 0.64  
     
28 79.47 ± 1.64 47.46 ± 2.40 10.85 ± 0.21 9.55 ± 0.34 
     
Total 34979.77 9776.14 169.06 1846.99 
TOTAL 35243.34
 
19577.05
 
173.27 2806.06 
a Data are the mean value of two replicates ± standard deviation. Ab-leaf, Alternanthera brasiliana 
leaf; At-leaf, Alternanthera tenella stem; Ab-stem, Alternanthera brasiliana stem; and At-stem, 
Alternanthera tenella stem; nd, not detected. 
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Table 5. Total Phenolic Content (TPC) and Antioxidant power determined by FRAP 
assay in leaf and stem of Alternanthera brasiliana and Alternantera tenella. 
Samples TPC FRAP  
 
(mg gallic acid 
equivalent-GAE/g dw) 
(µM Fe
+2
/g dw) 
A. brasiliana leaf 18.15
b
 ± 0.59 190.60
b
 ± 8.46 
A. tenella leaf 23.95
c
 ± 1.46 235.99
c
 ± 13.47 
A. brasiliana stem 5.31
a
 ± 0.23 74.15
a
 ± 5.62 
A. tenella stem 6.37
a
 ± 0.35 75.31
a
 ± 5.61 
Different small letters in each column mean significant differences by Tukey test (P<0.05, n=3). 
dw: dry weight. 
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Highlights 
Leaves of both studied species were the main source of pigments and polyphenols. 
The major compounds found in A. brasiliana were kaempferol derivatives. 
A. tenella was especially rich in vitexin and its derivatives. 
A. brasiliana showed higher potential as colorant and bioactive compounds. 
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